CONNECTICUT RIVER BASIN

MASTER MANUAL
- OF

RESERVOIR REGULATION

~ APPENDIX D
WEST RIVER WATERSHED

VERMONT

U.S. Army Engineer Division, New England
Corps of Engineers Waltham, Mass.

"ju“E 1965 DTl FULE




Appendix

Master Manual Connecticut River

A

B

CONNECTICUT RIVER FLOOD CONTROL

MASTER MANUAL

OF

RESERVOIR REGULATION

Watershed

Cupompenoosuc River

Ottanquechee River

Black River

West River

Ashuelot River

Millers River

Chicopee River

Westfield River

Farmington River

Reservolrs
Union Village
Noxrth Hartland

North Springfield

Ball Mountain
Tovnshend
Surry Mountailn
Otter Brook
Birch Hill
Tally

Barre Falls
Conant Brook
Knightvilie
Littleville
Mad River

Colebrook River

4071~ 18

Status
Not Started
Completed 1950
SOP Only
SOP Only
Completed 1965
Completed 1965
Completed 1962
Completed 1962
Completed 1950
Completed 1950
Completed 196k
Not Started
Completed 1951
Not Started
Not Stexted

Not Started

o



PREFACE

The West River basin comprises an ares of 423 square miles and
- is loceted entirely in southern Vermont. The coordinated flood con-
trol plan for the basin, deseribed in this manual, includes two dams
and reservoirs and one local protection project.

This Appendix of the Comnecticut River Master Regulation Manual
and attechments include a description of the basin, statistical,
climatological and flocod data, project deseriptions, and the standard
operating procedures for reservoir regulation. The manual, in ad-
dition to setting forth a method of reservoir regulation, will serve
as a reference source for future studies. Pertinent data and detalled
information on the Weston local protection project are ceontained in
Attachment I. Attachments II and III contaln pertinent date of Ball
Mountain and Townshend Reservoirs, respectively. Detailed regulating
procedures for regulation of the reservoirs are contained in Attach-
ment IV, Attachment V contains details of operational procedures and
maintenance of hydrologic equipment.

This manual is organized in a manner that enables the reader to
obtain desired general and background informetion in the main sppen~
dix. The attachments contain the pertinent information and detalled
procedures necessary for actually regulating the protective works.
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APPENDIX "D"

MANUAL OF RESERVOIR REGULATION
WEST RIVER BASIN
VERMONT ‘

AUTHORITY AND SCOPE

1. AUTHORITY

This report is submitted pursuant to authority contalned in
ER 1110-2-2h0, dated 25 March 1963 (Reservoir Regulation) which re-
quires that menuals of reservoir regulation for flood control, nevie
gatlon or multiple~purpose reservolrs be prepared whenever storage
allocated to one or more of the functions is the responsibility of
the Corps of Engineers.

2. PURPOSE AND SCOPE

This manual serves as a guide and reference source for higher
anthority, reservoir regulation and meintenance personnel in the
New Englend Division office, respective flood control dem operators,
and for personnel who will become concerned with or responsible for
regulation of the reservoirs in the West River basin, Included in
this manual are:

as« A history of conditions which led to the authorization of
the West River basin projects.

be A general description of the drainage basin including topo-
graphic features and statistical data relative to population, indus~
try and agriculture.

¢c. A general coverage of the hydrometeorclogical dats for the

‘basin which includes temperature, precipltation, snowfall, smow

cover, storms, streamflow and floods.

d. The coordinated plan of improvement developed for the basin
conslgting of flood control dems end one locel protection project.

e, Instructions for regulating the resgervoir system.



f. The effectiveness of the regulastion of flood control pro=
Jects on the maximum recorded flood and Standard Project Flood.

HISTORY OF WEST RIVER BASIN REPORIS

3« PUBLISHED REPORTS

Flood control of the West River has been considered in the fole
lowing published reports on the Connecticut River basin:

a. Survey report dated 1936 and printed in House Document No.
412, Thth Congress, presents a comprehensive plan for combined flood
control and power development of the Connecticut River and its tribu-
taries. It recommended an initial flood control plan of 10 reservoirs
in Vermont and New Hampshire.

be Survey report dated 1937 and printed in House Document No.
455, T5th Congress, proposed a revised comprehensive plean for flood
control of the Connecticut River and its tributaries conesisting of
dikes at 7 localities and 20 reservoirs, including a reservoir on
the West River at Newfane, Vermont. It recommended that the author-
ization for additional reservoirs be deferred, and that the author-
ized project be modified to provide for the protection of seven
cities,

¢. Second interim review report on the Connecticut River and its
tributaries dated 1940 and printed in House Document No. 724, 76th
Congress, recommends that modifications be made to the approved flood
control plan to include local protective works at 4 additional sites
and 20 reserveirs, including the Williamsville Reservoir on the West
River at West Dumerston, Vermont.

d. Review of reports on flood control, Connecticut River, dated
1940 and revised in 1904k recommended the comstruction of 11 local
protection projects and 29 reservoirs, including the Williamsville
Reservoir.

e. The Flood Control Act of 194l (Public Lew 534, 78th Congress,
2nd Session) authorized the construection of 8 reservoirs on the West
River 1nstead of the Willlamsville Reservoir.

f. On 20 April 1948, the Committee on Public Works of U. S.



House of Representatives resolved that, in its opinion, the modified
plan for flood control with regard to the West River bvasin, conslgt- -
ing of The Islasnd, Upper Ball Mountain and Upper Townshend Reservoirs,
meets the intent of Congress as expressed in the 194k Flood Control
Act,

g+ An agreement was reached in June 1950 between the Secretary
of the Army, Chief of Engineers and the Vermont State Water Conser-
vation Board for comstruction of 3 dems (The Islend, Ball Mountain
and Townshend) on the West River in lieu of the plan of 8 dems anthor-
ized by the Flood Control Act of 19k, .

b. The Congress on 6 June 1953, by passage of Public Law 52,
834 Congresgs, granted its consent and approval to an interstate com-
pact covering the Connecticut River Valley that hed been previously
ratified by the States of New Hampshire, Vermont, Massachusetts and
Connecticut, The Island, Ball Mowmtaln, and Tovmshend Reservoirs
were among the reservoirs included in the compact. Among the princi-
pal purposes of the compact are:

(1) Reeolving the tax loss problem.

(2) Assuring edequate storage cepacity for impounding the
waters of the Connecticut River and its tributaries in the interest
of flood control.

(3) Providing a joint or common agency through which the
slgnatory states may effectively cooperate in accomplishing the ob-
Jectives of flood control and water resources utilization in the
basin. The compact provides also for the creation of a commission
consisting of three representatives from each of the four states
with authority to enter into contracts and agreements and to make
studies and lnvestigations in ccoperation with the Corps of Engi-
neers and other Federal agencies.

i. Specific authorization for The Island, Ball Mountain and
Tovnshend Reservoirs is contained in the Flood Control Act of 195k,
which modified the plan for the West River basin to comsist of the
3 regervoirs in lieu of the plen for 8 reservoirs authorized in
Section 10 of the Flood Control Act of 19k,

Jo TFlood control of the West River is considered in Part Two,
Chepter XXTI of "The Resources of the New Englend - New York Region,"
dated 1957 and printed in Senate Document No. 1%, 85th Congress.



It consists of a comprehensive report on the potentialities of power,
land, water and related natural resources of the region. The report
was prepared by the New HEngland-New York Inter-Agency Committee and
submitted to the President of the United States by the Secretery of
the Army on 27 April 1956. Included among proposals for a Connecticut
River basin flood control system of 26 reservoirs snd 10 local pro-
tection works are 3 reservoirs on the West River at The Island, Ball
Mountain and Townshend.

GENERAL DESCRTPTION

4, WEST RIVER BASIN

The West River basin as shown on Plate Nos, D=1 and D-2 is lo=~
cated in scuthern Vermont within the confines of Windham, Bennington,
Rutland and Windsor counties. It has a drainage area of 423 squere
miles of which 278 square miles lie upstream from Townshend Dem and
172 square miles upstresm from Ball Mounteln Dam. The watershed is
generally rectangular in shape, with a length of spproximately 38
miles and a maximm width of 18 miles., Elevations very from 220 feet
msl at the mouth of the river to L60 feet at Townshend Dam, 800 feet
at Ball Mountain Dam, and over 3,500 feet at several points on the
watershed divide.

The genereal topography of the basin is hilly with steep wooded
slopes characteristic of the basin from the mouth of the West River
to Ball Mountain Dem. The basin upstream from Ball Mountain Dam is
comparatively flat with wide valleys, but the rim of the watershed
is stezp amd mountainous. There are few natural or artificial ponds,
and in general, the drainage area 1s conducive to rapld runoff.

5, WEST RIVER

The Wegt River rises in the sputheastern part of Mount Holly, .
Vermont, From its source to Ball Mountain DPam the river fiows in =
southerly direction for sbout 23 miles and drops about 1,200 feet.
The river then flows in o general southessterly dilrection for =shout
10 miles to Townshend Dam with a drop of sbout 340 feet., From
Townshend Dam the river continues in a southeasterly dirsciion about
19 miles and drops about 240 feet to its confluence with the
Connecticut River at Brattleboro, Vermont. The principal tributarles
of the Wegt River are Winhall River, and Ball Mountain end Whetstone
Brooks. A profile of the West River is shown on Plate No. D-3.

L



DEVELOPMENT IN THE WEST RIVER BASIN

6. GENERAL

The 1960 population of the West River basin, based on Burean of
the Census figures, was estimated at 15,800, Populetion is sparse
throughout the basin, the major exception being the towm of
Brattleboro, Vermont whose populetion ie ebout 11,700. Most of the
industry is confined to Brattleboro where the manufacture of non-
durable goods is predominate. Industrial development in the re-
nainder of the basin ls moetly confinred to wood processlng. Agrie
cultural development is not extensive except in the wider portions
of the valley. Tourimm is an importsnt factor in the economic life
of the basin. While there are no lakes or ponds of signiflcant
size, stream fishing, hunting and skiing are popular.

HYDROLOGY

T» CLIMATOLOGY

The West River basin has a variable climate characterized by
frequent but short periods of heavy precipitation. It lles in the
belt of "prevailing westerlies", and consequently is in the path of
cyclonic distrubances which cross the country from the west or
southwest, producing frequent weather chenges. The watershed ie
also affected by occasiocnal coastal storms, some of tropleal origin
and hurricane intensity which travel up the Atlantic seaboard. The
winters are moderately severe with subzero temperatures being com-
mon. = Snow cover usually persists throughout the winter, especially
in the areas of higher elevation. Sumers are mild with temperatures
over 90° F. being infrequent. Precipitation is fairly well distrib-
uted throughout the year. Climatologlcal stations in the vicinity
of the West Rlver basin are shown on Plate No. D=2,

8. TEMPERATURE

The climate of southern Vermont is cheracterized by long cold
winters and relatively mild summers. Freezing temperatures are to
be expected from late September to early May, The average annusl
temperatures in the basin very from about %0° F. in the mountainocus
regions to h5° F. in the valleys. Recorded tempersture extremes 1in



the vieinlty of the basin heve varied from a maxismm of 102° F, to &
minimm of -42° F. Monthly, mesn, maximm and minimm temperatures
through 1963 at Cavendish, Vermont, located sbout 25 miles north of
Townshend Dam, and at Somerset, Vermont, located about 20 miles southe
vest of Townshend Dam, are shown in Table No. .

9. PRECIPITATION

Locations of precipitation stations in the vicinity of West River
basin are shown on Plate No. D=2, The precipitation varies greatly
at all stations between wet and dry years end the tendency to greater
precipitation with inereased elevation is very marked. Monthly, meen,
maxinmm and minimum precipitation through 1963 at Townshend Dam and
at Somerset, Vermont sre summarized in Table No. 2. The record for
Townshend Dam is a composite of records at Newfane, Townshend, and at
the demsite.

10, SNOWFALL AND SNOW COVER
The snnual, mesan, maximum and minimum snowfall at Peru, South

Iondonderry and Wardsboro, Vermont in the West River besin are shown
below:

Station Period of Mean Maeinmm Minimam
QVermont ! Record Snowfall Snowfall Bnowfall
( years ) (inches) (inches) inches
Peru 9 115.6 142,0 86.5
South Londondexrry 11 87.4 123.5 5345 -

Wardsboro 13 102.3 143.0 66.2

Since the initiation of a regular snow survey program by the Corps
of Engineers in the winter of 1960~1961, the maximum depth of the snow
cover has not exceeded 40 inches. The average maximumm water content
over the basin is about 9 inches and usually occurs in the latier part
of March. Raplid runoff from melting of the accumilated snow cover oe=-
curs every spring, but this cause slone seldom produces damaging floods.
However, the possibility of sudden thaws and moderate rains is a poten=-
tial flood hazard every spring. Based on recent snow surveys, the maxie.
mumn water equivalent of the snow cover for the basin during the h-year
period of record (1961~196%) was 12,2 inches in March 1963. Location
of the snow courses in the West River basin 1s shown on FPlate No. D-2.
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/ TABLE 1

MONTHLY TEMPERATURES
(Degrees Fabrenheit)

Cavendish, Vermont Somerset, Vermont

Elevation 800 feet, msl Elevation 2,080 feet, msl
60 Years of Record 51 Years of Record

Month Mean Maximm Minimum Meen Maximum Minimum
Jenuary 18.7 65 =35 17.3 63 -31
February  19.9 63 ko 16.1 60 -39
Maxrch 29. 3 82 -27 25 «0 79 "31-
April k2,5 93 -2 38.0 86 -3
May 55.1 ok 17 49,8 a3 6
June 63.8 100 27 58.6 98 22
July 68,1 102 33 63.2 98 30
August 65. 99 30 60.5 96 26
September  57.9 o7 18 53.6 96 17
October h7.0 80 9 52,9 90 8
Decenmber 220}1' 61 -3-I-2 20,2 60 "36
ANNUAL 43,8 102 =i 40.0 98 ~30



TABLE 2
MONTHLY PRECIPITATION RECORD

Tnches
Townshend Dam, Vermont Somerset, Vermont .
Elevation 800 feet, msl Elevation 2,080 feet, msl
31, Years of Record* 51 Years of Record

Month Mean Maximme Minimum Mean Maximum  Minimum
January 3.2 17,00 0.67 k.61 8,01 1.29
Februsry  2.88 5,40 0.65 3.72 6.93 1.65
March 3.30 10,96 0.68 4,81  10.ho 0.45
April 30 76 7080 001"3 1&.66 10.""2 0.1}3
May 3.6k 8.5k 0,80 4,52 8.02 1.35
June 3+52 Te 8 0079 1'-.6]-'- 8. 15 (48 91.
July 3.84 1l.70 0495 Y27 12.19 0.88
August- 300’"’ 9.20 0090 3.88 11026 0053
Septam'bm:‘ 3. 50 10. 70 Ce 1‘-7 h'o 88 1l,. 79 O. 91
Cetober 3.46 10.7k 0.60 3.93 12.00 0.60
November 4,25 10.03 0.9k b0l  1h.54 0.91
December 3.12 6.90 0.k40 4.66 8.98 1.19

ANNUAL, Ly, 55%¢ 66,40 32.87 - 53.30 6478 41.50

* Precipitation values based on composite of records
from Newfane, Tovmshend and Townshend Dam.

*¥% Aversge bssed on records from 1921-1955 and 1958~
1963 imeclusive.



il. STORMS

The West River basin has experienced storms of four general
types, namely:

a. Extratropicel continental storms which move across the
basin under the influence of the "prevailing westerlies".

b. Extratropical meritime storms which originate and move
northward along the Atlantic coast.

c. Storms of tropical origin some of which attain hurricane
magnitude.

d. Thunderstorms produced by local convective activity or by
more general frontel activity.

Hurricane type storms generally arrive in late summer and
fell., The hurricene of September 1938 which produced the greatest
flood of record in the West River watershed was of this type. This
storm and the storms of November 1927, December 1948 esnd Merch 1936
caused the four greatest floods of record.

12, STREAMFLOW

The U. B. Geclogiceal Survey has gaging stations on Flood Brook
(DA = 9.25 square miles) near Londonderry, Vermont on the West River
at Jamalca, Vermont about 2,6 miles downstream from Ball Mountain
dem and Newfaune, Vermont about 6.3 miles downstream From Townshend
dam. The drainage area sbove Jemaica is 179 square milee and above
Newfane, 308 square miles. Locations are shown on Plate No. De2.

13. RUNOFF

The average annual runoff for the West River basin, adjusted
for upstream storasge and regulation is 1.99 cfs pex square mile
based on 39 years of record (September 1919 to September 1923 and
October 1928 to September 1963) for the USGS gaging station at
Newfene. The rate of runoff is equivelent to 27.5 inches per year
which is about 0.6 of the average annual precipitation over the
basin.

14. FLOODS OF RECORD

a. Higtoric fioods. Prior to the establishment of the Newfane
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gaging station, several floods occurred on the West River that were
sufficiently importemt to have been mentioned in the newspapers of
the time end in histories of the area., Largely because there were
no jmportant settlements along the river, no record of flood stages
or demages from these floods has been found. The known dates of such
floods are:

T-8 Jan 1770 24«25 July 1830
20=-22 Oct 1785 8=9 Jen 1841
18-22 Mar 1801 27 Apr to

10-~13 Feb 182k -1 Msy 1854
2425 Mar 1826 18-19 Apr 1862
3«5 Sept 1828 3«5 Oct 1869

b. BRecent floods. In recent years floods of or proportions
have occurred as follows: November 1927, March 19328?'1-;‘90 floods),
September 1938, and December 1943. A brief description of each flood
is glven in the following parsgraphs. Discharge bydrogrephs for the
Merch 1936 exd September 1938 floods are shown on Plate Nos. D=4 and
D"'so

c. DNovember 1927 flood. After the Newfane gaging station was
re=established in Cetober 1938, it wes estimated from & known high
water mark that the meximum rete of discharge of the November 1927
flood was 45,000 cfs at Newfane,

ds Floods of Merch 1936. A peak flow of 39,000 cfs with o stege
of 19.3 feet was measured at Newfane on 18 March 1936, This was the
second and larger of two closely related flood peeks which occurred
during the month, a pesk of 12,200 cfs with a stage of 11l.3 feet being
obeerved on 13 March. Both were caused by a combination of ralnfell
and melting snow. The total reinfall for the period 9-22 March in-
clusive, as measured at the Newfane station, smounted to 9.3 inches.
The snow cover at the beginning of this perlod had en estimated water .
equivelent of 7.3 inches over the basin. As estimated by the U. 8.
Geologleel Survey, the first flood hed a volume of 2.9 inches and the
second T.% inches.

e. BSeptember 1938 flood. The highest known rate of discharge at
Newfane iz that of 21 September 1938 with an estimated peak of 52,300
cfs and a stage of 22.81 feet. This flood resulted from 7.7 inches of

10



rainfell on the watershed from 17-2] September inclusive. The volume
of flood runoff was estimated to be 5.0 inches at Newfame,

f. December 1948 flood. The peak of the 31 December 1948 flood
wag the third highest known rete of dlscharge at Newfane with a stage
of 19.46 feet and an estimated peak discharge of 44,000 efs, and the
highest during the short period of record at Jamaica (29,500 ¢fs).
Unfortunately the gaging station at Newfane was out of order during
most of this flood. At Jamaice, however, 5.6 inches of runoff re=
sulted from sbout 7 inches of rainfall including some sncwmelt. This
flood was followed by enother rise on 6 January 1949 with pesk dis-
charges of 8,350 efs at Newfeme and 3,700 cfe at Jemalce.

15. FIOOD PROFILES

High water profiles on the Wept River were determined from field
surveys after the floods of November 1927, March 1936 and September
1938. Profiles for these floods are shown on Plate No. D=3.

16, FLOOD FREQUENCIES

The frequency or percent chence of occurrence of dlacharges in
the West River basin were determined for the U. 8. Geologleel Survey
gaging stations at Jemaice and Newfane. Frequency anelyses were made
in ‘accordance with procedures deseribed in ER 1110-2-1450, "Hydrologic
Frequency Estimates," dated 10 October 1962, Discharge-frequency date
for the gelected locations are showm on Table No. 3.

17. ANALYSIS OF FLOODS

The major floods of record were snalyzed to determine the hydro-
loglc development of floods in the West River basin, The hydreulic
characteristics and potentialitlies of tributary areas were eppralsed
$o Tind the relative timing snd discherge contributions st demage
centers along the West River as well as the najor damage centers on
the Comnecticut River. The analysis of record floods in the West Rivex
basin resulted in the following conclusions:

8« ¥loods may occur on the West River at eany time of the year.

b. Due to the absence of lakes or ponds of significant capacity,
natural storage does not appreciably lower flood pesaks,

¢, Steep slopes at the rim of the hasin end near the river itself
below the Ball Mountain demsite produce repid runoff,

1



TABLE 3

WEST RIVER BASIN
NATURAL PEAK DISCHARGE FREQUENCY DATA
(Discharge in cfs)

Expected
Probebility West River West River
Percent at Newfene, at Jamaica,
Chance Years Vermont Vermont
«50 200 76,000 52,000
1.00 100 59,500 39,500
2.0 50 46,500 30,000
o 25 36,500 22,500
5.0 20 33,500 21,000
10.0 10 25,500 15,500
20,0 5 19,000 11,200
50.0 2.0 12,000 6,900
60.0 L.7 10,500 6,100
TO.0 L.k 9,400 5,500
80.0 .25 8,200 54000
90,0 1.13 T,000 4,600
95.0 1.06 6,200 4,300
99.0 1.02 54300 4,000
99.9 ,+ 4,600 3,800



d. The relative peek timing of the flood crests at the principal
control points in the West and Connecticut River basins is sl‘wwn in
Teble No. k.

e¢. The contribution of the West River to Connecticut River floods
depends primarily on the origin of the flood and the location of the
storm center. In general, the West River flows will occur bvefore
. Connecticut River floods originating in the more northerly sections of
the basin, and after those occurring in southern Messachusetis and
Connecticut. Contributions of the West River to the floods of March
1936, September 1938 and December 1948 are shown in Table No. 5.

18, STANDARD PROJECT FLOOD

A standard project flood for West River ef Townshend waes devel-
~oped for Deslgn Memorandum No. 1, Hydrology and Hydraullc Design,
Townshend Dam and Reservoir, dated June 1956, as & demonstration flood
to measure the effectiveness of Ball Mountain and Townshend Reservoirs,
Rainfall for the standard projJect storm was determined in accordance
with Engineer Bulletin for Civil Works, No. 52-8, with the storm being
centered over the aree between Bell Mountain and Towvnshend Reservoirs.
For the area upstream from Ball Mountain Dam, the average rainfall was
8.9 inches and the runoff was 6.6 inches. For the area between Ball
Mountain and Towmshend Dems, the aversge rainfall was ll.7 inches and
the runoff 9.2 inches. Hydrogrephs were obtained by epplying the rain-
fall to the unit hydrographs developed for the spillway design flood.
The reservolrs did not have sufficient capacity to store all of the
runoff, but at Townshend Dem the natural. flow of 113,000 cfs would be
reduced by the two reservoirs to an cutflow of 26,000 cfs. The regu-
lation of the flood is shown on Plate No. D=6.

19. FLOOD DAMAGES

Ball Mountain and Townshend Reservoirs are regulated to provide
flood protection for downstream commmities slong the West River.
They are also regutated with a comprehensive system of reservoirs to
reduce flood stages along the main stem of the Connecticut River.
Since their comstruction, Ball Mountain and Townshend Reservoirs have
prevented demsges estimated at $1 million and $570,000, respectively.
With a recurrence of the record Connecticut River flood of March 1936,
the reservoirs would prevent dollar demeges as follows:

13



TABLE L

RELATIVE PEAK TIMING
FLOCD CRESTS

WEST RIVER AND CONNECTICUT RIVER BASINS

Location

West River

Ball Mountain Dam
Jameics

Townshend Dam
Newfane

Mouth - West River

Connecticut River

North Walpole, N. H.
Vernon

Montegue Clty, Mass.

(1)

(2)
(3)

T S —— T ——

Tiue of Eeak(l)

Drainage Merch Sept. Dec.
River Mile _ Avea 1936 1938 1048
(sq.mi.) |

29.0(2) 172 =10 -7 -7
26.4(2) 179 10 -7 -7
19.5(2) 278 -9 -6 -6
12.7¢2) 38 -8 -5 -5
149,2(3) 423 0 0 0
17365 sues s w8 A
w1883 6066 w2 s 45

1023 7 865 15 420 Hb

Time in hours, before (-} and after
(4) pesk of West River at mouth

Above mouth of West River

Above mouth of Connecticut River
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TABLE 5

WEST RIVER CONTRIBUTIONS TO
CONNECTICUT RIVER PEAK DISCHARGES

Discharge in CFS

West River Connecticut River
Flood Ttem at Mouth Vernon Montague City
| (A -E23 sqonl.) (DA - 6,266 sqal.) (Mi - 7,865 sq.mi.)
Mer 1936 Pesk Flow 43,600 176,000 236,000
COntribut:I.on of ’
West River - 2h,350 27,700
Percent - ‘ 13.8 1.7
Sept 1938 Peak Flow L, 300 132,500 194,800
Contribution of - o '
West River - 39,830 29,330
, Percent - T 29.7 15.1
Dec 1948 Peak Flow 37,600 88,600 139,000
Contribution of C
West River - 30,370 27,000

Percent - 3.3 19.4



Estimated Flood Damage
Prevention in Recurrence
Project of March 1936 Flood

Bgll Mountain Dem and
Reservoir $10,900,000

Townshend Dam and
Regervolr $ 7,400,000

The data from damage zones below Townshend Dam on the West River
hasin heve been combined into a single curve and correlated with
stages at the index station at Newfane where river stage information
can be readily obtained during flood periods, The curves shown on
Plete No. D=7 assume no contribution from Townshend Pam and are in-
tended to provide approximate demage figures for the lower West River
cnly. Additionel detailed surveys following a flood event would sup-
plement this data as required.

FLOOD CONTROL PLAN

20, GENERAL

The coordinsted flood control plan for the West River basin con-
sists of two reservolrs and one local protection project. The reser=-
voirs are operated primerily to desynchronize floodflows of the West
River from floodflows on the Connecticut River. The operation of the
reservoirs are coordinated with other reservoirs in the Connecticut
River basin to obtein meximm reduction in oversll flood damages. A
brief description of the flood control reservoir projects and local
protection project in the West River basin ls given in the following
peragraphs. The locetions of the projects are shown on Plate No. D=2,
Detailed information of the local protection project and the reser-
voirs is presented in Attachments I, II, and IIlL.

21. RESERVOIRS

8. The Islend Dam and Reservoir. The Island Dam, although an
suthorized project, is currently in a "deferred for restudy” cate-
gory. The restudy will be accomplished in the Connecticut River
Comprehensive Basin Study. The dam, controlling runoff from a
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watershed of 40 square miles, would be located aebout 11 miles up-
stream of Ball Mountain Dam. The reservoir would have a storage
capaclty of 19,400 acre~feet, equivalent to 9 inches of runoff.

b. Ball Mountain Dam and Reservoir. Ball Mountaln Dam and
Regervoir, completed in October 1931 s 18 situated on the West River
in the Townships of Jameaica and Londonderry, Windham County, Vermont.
The earth and rock fill dam with a top elevation of 1052.0 feet msl
is 915 feet long and has e maximum height of 265 feet above the
stresmbed. The concrete chute spillway with a crest length of 235
feet and a top elevation of 1017.0 feet msl is located on the right
abutment of the dam. The outlet works are located in the rilght
ebutment and consist of an inlet chemnel, inteke tower, a concrete
lined tunnel in rock under the dam and an outlet channel. The
reservoir flood control storage capacity of 54,600 acre-feet at
spillway crest ie¢ equivalent to 6.0 inches of runoff from the drain-
age area of 172 square miles.

¢. Townshend Dam and Reservolir. Townshend Dam and Reservoilr,
completed in June 1961, is situated on the West River in the Town-
ships of Townshend, Windham County, Vermont., The rolled earth and
rock £111 dem with & top elevation of 583 feet msl is 1,700 feet
long and hes a maximum height of 133 feet above the gtreambed. The
side channel spillway with a crest length of 439 feet and a top ele-
vation of 553 feet msl is located on the left ebutment of the dem.
The outlet works through the dam consist of an inlet chemnel, intske
structure, reinforced concrete horseshoe conduilt and an outlet
channel. The reservoir flood control capacity of 33,900 acre-feet
at spillway crest is equivalent to 6.0 inches of runoff from the
drainege eres of 106 squere miles below Ball Mountain Dem. A conser-
vation pool is maintained at elevation 478 feet msl. ‘

22. LOCAL PROTECTION PROJECT

Weston is located in the south central portion of Vermont about
21 miles northwest of Bellows Falls. The project construction ex-
tends from the Vermont Guild Mill to about 1,700 feet downstresm.
The protective works completed in July 1957 consist of channel im~
provement, a small dike and a stoplog structure.
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RESERVOIR REGULATION

23. ORGANIZATION

The Reservoir Regulation Section is responsible for regulation
of floodwater at the flood control reservoirs in the New England
ares. In the New England Division the Hydrology & Hydraulics Section
of the Engineering Division also functions as the Reservoir Regulation
Section. In addition to its reguler flood control duties, the Reser-
voir Regulation Section is also responsible for (a) monthly reports on
reservoir regulations; (b) continuing studies of reguletion procedures;
(¢) enalyses of actual flood operations; (d) the establishment of date
gathering and reporting network; (e) maintenance of’ hydrologic equip~
ment; snd (f£) the training of personnel. The supervision of routine
operations and maintenance activities come under the jurisdiction of the
Meintenance Branch of the Operations Division. An orgenization chart
for fegérvoir regulation in the New England Division is shown on Plate
NO. D" °

The Reservolr Regulation Section is subdivided into basin units,
each responsible for receiving routine hydrometeorological reports and
directing reservoir regulation within an assigned river bvasin. Each
unit consists of a regulator in charge of the overall operation in the
Connecticut River hesin, and project regulators who receive reports and
issue regulation instructions to individual dems either from NED head-
quarters during normsl work-hours or from their homes during nonwork-
hours.

Whenever emergency conditions so reguire, the Reservoir Regulation
Section staffs NED headguarters and the regulation units are organized
to assure 2hk=hour operstion as long as the emergency exists.

2k, INSTRUCTIONS TO OPERATORS

All instructions to operators for regulation of the flood conirol
reservoirs are given dlrectly by the Reservoir Regulation Section with
edvisories forwarded to the Operations Division. When a flood control
dam operator is unable to communicate with the Reservoir Regulation
Section and the circumstences require immediate action, the operator
has full authority and responsibility to promptly regulate the reser-
voir in accordance with procedures described in Attachment IV.
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25, COMMUNICATIONS

All communications between the flood control dem operator and
the Reservoir Regulation Section are made via the NED radic network
during normel work~hours or when NED headguarters ere otherwise
menned. Whenever the redic system is inoperative, conmunications
will be made by telephone, During the nonwork-hours, reports and
regulation instructions are issued by telephone to or from the homes
of the Reservolr Regulation Section personnel. The Townshend oper-
ator will relay all information from both dams to the basin regulator
vhenever circumstances warrent a telephone report. In his sbsence
the Ball Mountailn operator will relay the pertinent information. A
telephone directory is maintained and issued by the Regervolr Regu~
lation Section for its specific use during flood operations. In the
event of failure of the NED radlo network end telephone service,
emergency communlcations will bve attempted through State Police and
Civil Defense radioc facilitles.

26. PRECIPITATION REPORTING NETWORK

In the West River basin, reports of precipitation data are pri-
marily used for the purpose of elerting regulation personnel and to
provide & basis for forecasting the severity of a storm. The River
Forecast Center at Windsor locks, Conmnecticut receives reports from
USWB precipitation stations in the West River basin which are also
made avallable to the RRS. Precipitation reports by the USWB are
supplemented by precipitation data furnished by the Ball Mountain and
Townshend operstors. These operators receive reports from Peru, South
Londonderry, Wardsboro and Newfane as well as their respective dems.
The locations of the USWB and NED precipitation networks are shown on
Plate No. D=2.

27. RIVER REPORTING NETWORK

The streamflow network for the West River basin consists of two
USGS gaging stations on the West River. The stations located at
Jamaice and Newfane, Vermont are showm on Plate No., D=2 and are de-
scribed in the following peragraphs:

a. West River at Jamaica, Vermont. The USGS geging station at
Jemaice is located on the left bank of the West River 0.4 mile up-
gtream of Ball Mountain Brook and 2.5 miles downgtream from Ball
Mountain Reservoir. The gage, recording runoff from 179 of the total
423 square mile watershed area of the West River basin, has been in
operation since October 1946,

19



b. West River at Newfane, Vermont. The USGS gege at Newfane
has been in operation from September 1919 to September 1923 and
October 1928 to the present. The gaging station is located on the
right benk of the West River about 1 mile northeast of Newfane and
records discharges from a drainage area of 308 square miles, The
installation of & Telemark transmitter at the statlon makes it pos~
sible to obtain river stage date via telephone.

28. WEATHER AND RIVER FORECASTS

a. Precipitation forecasts. In addition to the normal peri-
odic weather forecasts, guantitative precipitation forecasts pre-
pared by the U, S. Weather Bureau are received dally over the
Magsachusetts Weather Teletype Network by the Reservoir Regulation
Section. Supplemental weather information and forecasts are made
avallable upon request to the U. 5. Weather Bureau offlces at Boston,
Massachusetts and Windsor Locks, Connecticut.

b. USWB xiver forecasts. The USWB does not forecast floods
on the West River; however the U., S. Weather Bureau River Forecast
Center at Windsor Locks, Connecticut is responsible for preparing
and disseminating flood forecasts for the Connecticut River basin.
The River Forecest Center at Windsor ILocks also prepares and trans-
mits by teletype to the Reservoir Regulation Section biweekly head-
water advisory forecests, indicating the amount of l12~hour rainfall
necessary to produce flood conditions for the Passumpsic River at
Pessumpsic, Vermont; the White River at West Hartford, Vermont; the
Chicopee River at Indien Orchard, Massachusetts; the Westfield River
at Westfield, Massachusetts; the Farmington River at Riverton,
Connecticut; and the Park River in Hartford, Connecticut, all in the
Connecticut River besin.

¢. USCE flood forecasts. Methods for making flood peak fore-
casts have been oeveloped for Corps of Engineers use only. Curves
of rainfall at Newfane versus flood pesks at West Dummerston on the
West River have been prepared from limited avallable information on
past flood records. These curves will be checked with future data
and modified if necessary to improve the correlation., The curves
are shown in Attachment IV.

29. REPORTS

a. Weekly reports. The flood control dsm operator makes a
routine report by radio or telephone to the Resmervoir Regulation
Sectlon at 0815 each Friday. This report insures continuous contact
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between the operating personnel and the Reservolr Regulation Section
and also serves as a communications test, The report includes the
preceding 2k-hour precipltation and current weather data, reservoir
stage and regulation data, river conditions at index stations, and
other miscellaneous data. A sample of the completed form Iis showm
ox Sheet No., 1.

b. Alerting reports. An alerting report is promptly made end
includes pertinent data thet is readily available and & general ep- -
praisal of local conditions although complete data from all the raine
fall and flood-werning stations may not be avalleble, Whenever any
of the following conditions cccur during work-hours, the flood con-
trol dem operators et Ball Mountain and Townshend willl immediately
notify the Reservoir Regulation Section.

(1) Precipitation. Occurrence of one inch (1") durirg a
2li-hour period et eny precipitation station within the network.

(2) Reservoir stage. Whenever o rising stage of 25 and
27 feet is reached at Ball Mountain and Townshend Reservolirs,
respectively.

(3) River stege. Whenever the river stage at the Newfane
gage reaches 7 feet and i1s rising.

(4) Unusual conditionms.  Any unusual local conditions wuch
as difficulty with gates, lce, excessive debris, etc. Whenever con-
ditions werrant an alerting report during nonworking hours, asvailable
basin dete is compiled by the Townshend operalor who will relay the
laformation vie telephone to the Gesigneted RRS regulator. In the
gbsence of the Townshend operator, the Ball Mountain operator will
relay the pertinent data.

c. Flood reports. Supplemental radio or telephone reports
(8econd Alert) ere made to the RRS by the flood control dsmsoperator
if heavy reinfall continues or if it appesrs that flood conditions
might develop in the basin as the result of meltling snow, heavy
localized rainfall, dem failures, etc. The time and frequency of
these reports are dependent upon the severity of conditions end spe-
cific instructions from the Reservoir Regulation Section. Flood
reports are trensmitted at minimum 3-hour intervals. Sheet No. 2
shows a typical log of reports which indiceates the date to be in-
cluded in reports by the flood control dem operator during flood
periods., Insofar as practicable, the following information 1s in-
cluded in the flood report to the Reservoir Regulation Section:
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(1) Precipitation at dam. The total amount of precipi-
tation which has fallen up to the time of reporting and several
intermediate amounts with the times of cbservation.

(2) Reservoir stege. The poocl stage at the time of
reporting and several previous readings with the corresponding
times to determine the rate of rise of the pool and to define the
inflow hydrograph. (Accurate similteneous readings of both stege
and)t:!.me are very essentlal to facilitate computations made by the
RRS).

(3) Gate positions. Gate openings and discharges at the
time of reporting and at the beginning of the storm.

(4) Precipitation reports from observers. Precipitation
reports received from cooperative observers.

(5) West River stage. River stage at time of reporting
at Newfene, Vermont,

(6) Snow cover. General snow cover which may affect run-
off conditions throughout the basin.

(7) Miscellaneous dets. Any other information which
might be pertinent,

4. Special reports. A speclal report is submitted whenever
unusuel circumstances occur during a flood or if a special report is
requested by the RRS. The report may be written in longhand and
should describe the subjects outlined below if eppropriate.

(1) Observations at dam. The flocd control dem operator
makes general observations of conditions occurring at the ocutlet
works as listed below. The observations are entered in the log
book at the dam. If possible, photographs are taken of any unusuel
conditions noting the date, time, the reservoir gage heights and
position of the gates.

(a) Intake and portel, Extent and action of-eddies
and waves in the vicinity of the condult intakes and portels.

(b) Outlet and spillway discherge channels. Extent
and action of turbulence or eddies downstream of the spillwey and
outlet works.




(c) Ice end debris. Effect on the flow through the
gates due to an accumuletion of ice or debris at the intake.

(d) Gates. The pool elevation and position of the
gates at which vibration may develop.

(e) oOther. Any other unusuel hydreulic phenomens that
MEY OCCUT.

(2) Observations at comtrol points. During periods of
regervoir reguletion, perticularly while emptying the reservoir, re-
connaissance of the river is made by the flood control dam operator
to obtaln further date on the safe chennel cepacity of the West River
through principal damege areas. Critical stages at demage polnts are
correlated with the concurrent stage at the nearest geging station to
obtain the corresponding discharge.

30. MAINTENANCE OF LOG

All reports, instructions, records of unusual circumstances at
the dam, and information pertinent to regulation of the reservolir is
entered in the logs. A log is maintained by both the flood control
dam operstor and the Reservolr Regulation Section,

3L. GATE OPERATION RECORD

All gate operations are carefully noted on NED Form 90, a sample
of which is shown on Sheet No. 3, and submitted monthly with recorder
charts of reservoir stages. All operations are noted regardless of
the duration of the change in gate position. The report includes date
and time of day, gete opening, reservoir gage height, snd reason for
operation,

32. SPECIAL ADVISORIES

In accordence with regulations set forth in EM 500-1l-l, Emergency
Flood Control Activities, special advisories on flood potential and
the progress of all threatening storms are submitted by RRS to the
Division Engineer; Chief, Engineering Division; Chief, Planning and
Reports Branch; Emergency Operations Plenning Office and to the Oper-
ationg Division.
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33, HYDROLOGIC EQUIPMENT

Operational procedures and maintenance of the hydrologle
equipment for Ball Mountain and Towmshend Dams consisting of the
precipitation gage, thermometer, reservoir stage recorder, tele=
phone treansmitier itelmrk - located at Newfene), and snow sam~
pling sets, are contalned in Attachment V.

34, SNOW SURVEYS

Snow courses heve been established at selected locations
within the reservoir watershed and are shown on Plate No. D=2,
Weekly surveys are mede by the flood control dem operator during
the winter and early spring to determine the depth of snow and
its equivalent water content., The dates for surveys are deter- -
mined each year by the Reservoir Regulation Section s0 as to ¢cor-
respond with the publication of the monthly bulletin of the U. S.
Geologleal Survey.

35. ABSEKCE FROM DAM

The Reservoir Regulation Section is notifled whenevex ‘the
flood control dem operator expects to be absent overnight from
the dam.
36. EESERVOIR REGULATION -~ NORMAL PERIODS

a. Nonfreezing season.

(1) Ball Mountain Reservoir. All 3 gates will be maine
tained at 3-foolt openings.

(2) Townshend Reservoir. A permenent pool will be main-
tained for recrestional uses at a stage of about 22 feet. Nor-
mally, the 2 outside gates will be closed and the middle gate fully
opened. During minor rises, the 2 outside gates will be cperated
according to a schedule to minimize pool stage fluctuation ag de-
scribed in Attachment IV.

b. Freezing season. Commencing ebout 1 Decembexr the gates
will be throtiled in order to maintain a winter pool of 13 to 20
feet at Ball Mountain Reservoir, and 23 to 25 at Townshend Reservoir.
The pools will be developed gradually with some water being released
continually.
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c. Thawing season. About 15 March, upon ingtructions from
the RRS, the winter pools will be drewn down to normal levels (see
paragraph 36a).

d. Minimum dischergs. A minimum discharge of epproximately
10 efs will be discharged at all times to maintain fish life in
the river below the dams.

37. RESERVOIR REGULATION - FLOOD PERIODS

Flood regulation of Ball Mountain and Townshend Reservoirs are
initiated for river stages on the West and Connecticut Rivers and
also for rainfall over the bvasin. The regulatlion is considered in
three phases during the course of a flood: TFhase I, the inlitial
regulation during the development of the flood; Phase II, regulation
during the flood pericds; and Phase III, emptying the reservoir fol-
lowing the downsiream recession of the flood.

Phage I is the most critical stage since it is necessary to
collect rainfall and discharge deta and to promptly recognize and
appraise the development and magnitude of the flood in & short
period of time, Phase I terminates when gates st the dams are cper-
ated to restrict the reservoir outflows.

Phase II is & continustion of regulation. Further gete oper-
atlons may be necessary in order to maintaln nondsmaging flows in
downstream river chemmels. If the gates are closed, they remain in
this position until Phese III, when the storad waters are released.
Major activity during Phase II is the collection of hydrologic and
hydraulic data.

Phase III, following the recession of the flood, consists of
emptying the reservoirs as rapidly as possible without exceeding
safe channel cspacities at downstreem damage areas. Secondary river
rises during Phase III due to elther additional rainfall or snowmelt
may result in reverting back to FPhase I regulation procedures.

Further detalls of the regulation procedures are contained in
Attachment IV,

38. RESERVOIR REGULATION - WHITE WATER CANOE RACES
VWhite water canoe races are coaducted on a 3I-day week-end each

year on the West River below Ball Mountain Dam. The races are
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conducted not later than the middle of May. To assure ideal racing
conditions, epproximately 2,500 acre-feet of runoff are stored ia
the reservoir and released at a prescribed rate to satisfy the
racing schedule and the available storage. Prior to the races, 600
acre-feet of storage 18 emptied from Townshend Regervolr to compen-
sate for the storsge at Ball Mountain.

Details of regulation to store and release basin runoff for the
canoe racesg are contained in Attachment IV,

39. COOPERATION WITH DOWNSTREAM WATER USERS

It is the policy of the Corps of Engineers to cooperste whenever
possible with downstream water users and other interested parties and
agencies. The flood control dam operator may be requested by down-
streem users to deviate from normel regulations Ffor short periods of
time. Whenever a request for such modification is received, the oper-
ator will ascertein the validity of the request and obtein assurances
from other dowmstream weter users thet they would he agreesble to the
proposed operations. The operator then will relay the information to
the Reservoir Regulation Section and request instructions.

40, EXAMPLES OF RESERVOIR REGULATION

The maximum recorded flood on the West River occurred in September
1938. The regulation of this flood at Ball Mountain and Townshend
Reservolirs and the effect of the Connecticut River basin reservoirs at
Vernon and Montague City are shown on Plate No. D-5. Plate No. D-h
shows the regulation of the March 1936 flood, and the natursl and modi-
fied flows at Vernon and Montague City.

41. FUTURE STUDIES

Post flood studies will be made of each period of reservolr regu-
lation to determine the efficlency of the communication and reporting
networks and the spplicability of the regulation guides, including
stage-discharge relationships, discharge correlations, and flood re-
ductions st damage centers.
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LOG OF RADIO REPORTS - FLOOD CONTROL DAMS

| 28 May 1965
= TOWNSHEND)] BALLMTN o
= ITEN DM DA f =
1] Time of Observation 0800 0800 LN\ 1
2| Precipitation {last 24 howrs) | o /7 0 — 2]
31 Form of Precipitation Tt r7 — 3
4] Present Weather Cloudy Clear [
|
5| Peol Stage 2.2/ 4,33 5
6] Tendency Steqdy F 6
1] Gate Openings 0-12-0 0-3-0 7
8| Tailwater Gage. 4.15 8
9] Outflow /30 s
~ INDEX POINTS
10} ~ 1
H 1
1 | 12
13 13
14 14
13 15
REMARKS

NED 0% 477

SHEET



NED FORM co;  REGULATION OF TOWNSHEND AND  BALL MOUNTAIN RESE]RVOIRS
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(ffisz'r: 2l ck @l ol
7/4/63 08001243010\ F|@ Q00 [losgooj 4.5 13133 Townshend \0800|.50\005 |odo0l 545\ 925
, , , . 10800\.2511.65 N
ﬂ'ﬂﬂf". Chose ,diié.‘.‘ o lpizio adl Pl Vet o ¥ 4 2/ &g[[ — Cal/ bock @ 2.8 prebes \oyrlido /7#‘5.) N
v los30]2430012]0 220 ogfo\ 4.5 |1 ]: | , -
1220 200 |28.5 | 0]3 0 1200152 |1 114 d | 1200 .10|2.15 | 1000 |6.00| 1490
' 1200} .15 1.80 11300 | 585 1325
Stopmr pas le Weal Ever SVag g
. | ' : ' 1 M\
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1515 L1500la4.0l01 310 00 li150014.0|3|3]3| | 200 || Townshend |1500] © 2.5 500 5.5 | 920 \ Y
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i T I
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GATE OPERATION RECORD |
TOWNSHELD _RESERVOIRS _JL/L Y wonth /963YEAr

BRLL N TH
N RES, GATE OPENING IN FEET*
DATE | HOUR | STAGE OUTFLOW
Feet REMARKS
ti#2 uaimm|se]| #elmm| #8| c.fus, .
763\ 08oolt.0l0| Flo 900
0830124301013 |0 LA0_| 5tprt Drevatror
1500124.00i0| 3 | O 200 _
1530 | 14.00l 0} Flo 000 | £ud dperadsor?
BAL L NTN
7lkslogoo | 4.5 | 3| 7 | 3 250
QB30 1 £.51 /71717 240 SHar? CprererFrors
/500 (4.0 s 7 17 220 '
1530|490 \F 17 |7 200
F\ )
"
fand!
A \
1\ /1
t\I} g
| 1)
—
, *Indicate full opened gate by "F"
N~ s 05 f Poe
' OPERATOR
DATE 2’/4[63
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PERTINENT DATA
WESTON, VERMONT

LOCAY, PROTECTION PROJECT

CHANNEL IMPROVEMENT

Length
Bottom Width
Side Slopes

DIKES
Length
Top Width
Maximum Height
S8ide Slopes
STOPLOG STRUCTURE

Slze
Length

PLACED IN OPERATION
MAINTAINED BY

1,700 feet
Varisble to 40 feet
lonlandlon?2

75 feet %
10 feet
L feet
lon2

§* x 4" timber logs
8 feet

July 1957
Towvn of Weston
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ATTACHMENT I
WESTON, VERMONT
LOCAL PROTECTION PROJECT

1. AUTHORIZATTON

Construction of a local protection project on the West River at
Weston, Vermont, in the Connecticut River basin, was approved by
the Chief of Engineers on 7 June 1956 pursuant to the authority con-
ta.iﬁed in Section 208 of the Flood Control Act, epproved 3 September
1954,

2. LOCATION

Weston is situated in the south central portion of Vermont about
21 miles northwest of Bellows Falls (see Plate No. D-2 of main report).
The village borders the banks of the West River L5 miles upstream from
its confluence with the Connecticut River at Brattleboro. The project
construction extends about 1,700 feet dovmstream from the Vermont
Guild Mill and dam in the upper part of the village.

3. DESCRIPTION OF PROJECT

The project, completed in 1957, consists of deepening and widen-
ing the channel; clearing, snegging end removal of boulders from the
streanbed; riprapping slopes on the riverszide of the walled section
and along a section of the west benk of the river; construction of a
small dike and stoplog structure extending southerly from the up-
stream side of the Vermont Guild Mill building tc high ground; and
repair of & section of the masonry wall on the left bank upstream of
the Lendgrove Street bridge. A plan and profile of the protective
worke 1s shown on Plate No., I-l. Plate No, I-2 contains detalls of
the dike and stoplog structure.

4, PROTECTION PROVIDED
The protected area is between Route 8 and the West River and ex-
tends approximetely 1,400 feet along and adjacent to the riverbank,

The construction provides protection to the area from moderate flood-
flows similar to the flood of June 1952.

I-2
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PERTINENT DATA
BALL MOUNTAIN DAM AND RESRERVOIR
WEST RIVER, VERMONT

DRAINAGE AREA (Suuare Miles)
RESERVOIR

Permanent Pool

Flood Control Storage

Cepacity (acre-feet)
Inches Runoff

Ares = Spillway Crest (acres)

DAM

Type

Length (feet)

Top Elevation (feet msl)
Meximum Height (feet)

SPILINAY

Type

Length (feet)

Crest Elevation (feet msl)
OUTLET WORKS

Type

Conduit Size
Length (feet)

Capacity = Spillwey Crest (cfs)

Gates
SPILINAY DESIGN FLOOD

Inflow (efs)
Outflow (cfs)

Meximum Surcharge (feet)

172
No permanent pool

54,600
2495
800

Rolled eaxrth and rockfilld
015
1,052
265

Concrete ogee
235
1,017

Circuler tunnel
13'-6" diemeter
86hL
11,400
Three 5'8" x 10'0"

190,000

150,000 spillway discharge

12,800 outlet discharge
30.0



PROJECT COST $11,100,000
PLACED IN OPERATION September 1961

MATNTAINED BY NED
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ATTACHMENT IT
BALL MOUNTAIN DAM AND RESERVOIR
WEST RIVER, VERMONT

1., AUTHORITY

Ball Mountein Dem and Reservolr is a unit of the comprehensive
plen for flood control in the Connecticut River basin. Authori-
zation is contained in the Flood Control Act of 1938 (Public Law
761, T5th Congress, 3rd Session) as modified by the Flood Control
Act of 1941 (Public Lew 228, TTth Congress, lst Session) and the
Flood Control Act of 1944 (Public Law 534, 78th Congress, 2nd
Sesaion). Construction of the project was initiated in April 1956
and completed in October 1961.

2. PROJECT LOCATION

The Ball Mountain Dam and Reservoir 1s loceted on the West
River in the townships of Jamaica and Londondexrry, Windham County,
Vermont. It is in the southeastern part of the state, about 29
miles upstream of the confluence of the Connecticut and West
Rivers at Brattleboro, Vermont and 27 miles north of the Massa-
chusetts state line.

3. DESCRIPTICN OF PROJECT

Major project components consist of a rolled earth and rock-~
fill dam, chute spillway and an outlet works, At spillway crest
Ball Mountain Reservoir has a.capacity of 54,600 acre-feet, which
is equivalent to sbout 6-inches of runoff from the drainage ares
of 172 square miles., When filled to spillway crest, the reservoir
is about 6.5 miles long with a surface ares of sbout 800 acres. A
regervolr map of Ball Mountain Dam is shown on Plate No. II-l.

a. Dam. The dam consists of rolled earth and rockfill embank-
ment 915 feet long with a maximum height of 265 feet (Plate Nos.
II-2 and II-3). The top of dam at elevation 1052 feet msl provides
for 30 feet of surcharge and 5 feet of freeboard. The top width
of the dam is 20 feet and the side slopes vary from 1l on L.75 to 1
on 2,50.

b. Spillway. The chute spillway is located on the right abut-
ment adjacent to the dam., The spillway ls an uncontrolled ogee

1I-3



welr with a fixed crest at elevation 10L7 feet mel and a length of
235 feet. The splllway epproach channel is about 450 feet long -
with a level invert et elevation 1002 feet msl, The spillway dis-
charge channel varies in bottom width from 228 feet at the toe of
the splllway to 100 feet about 375 feet downstream. The invert
slopes vary from 0.25 to 0.40 percent. A plan and profile of the
splliway is shown on Plate Nos. II~4 and II-5.

¢e Outlet works. The outlet works shown on Plate No, II-k
conslst mainly of an intake tower, & copdult and an outlet channel. .
The intake tower houses the equipment necessaxry to operate the
three 5'8" x 10'0" gates that control the flow in the conduit.
The conduit, comprised of a concrete cirecular tunnel 13'6" in di-
smeter, is 864 feet long and slopes at 0.002. At the end of the
eircular tunnel, the outlet works flare to the outlet channel
vhich has a constant bottom width of 32 feet and slopes at 0,02
untll it empties into the West River,

d. Recreation. Recreatlionasl sctivities at the damsite con-
sist mainly of hiking and plenlcking. The Winhall and West River
recreationsl areas shown on Plate No. II-l are the designated
pienic zones.
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PERTINENT DATA
TOWNSHEND DAM AND RESERVOIR
WEST RIVER, VERMONT

DRAINAGE AREA (square miles)

RESERVOIR

Permanent Pool

Elevation (feet msl)
Capacity (escre-feet)
Inches Runoff

Percent of Total Storage
Area (acres)

Flood Control Storage

Capacity (acre-feet}
Inches Runoff for Net Ares
Area - Spillway Crest (ecres)

DAM

Type

ILength (feet)

Top Elevation (feet msl)
Meximum Height (feet)

SPILIWAY

Type
Length (feet)
Crest Elevation (feet msl)

OUTLET WORKS

Type

Conduit Size

Length (feet)

Cepacity - Spillway Crest (cfs)
Gates

III-1

Total - 278
Net - 106

478
800
0.1%
2

95

32,800
5.81
735

Rolled earth and rockfill
1,700
583
133

Side channel concrete ogee
439
553

Horseshoe condult
206" diameter
360
21,600
Three 705? X 1700' i



SPILINAY DESIGN FLOOD
Inflow (cfs)
Outflow (cfs)
Meximm Surcharge (feet)
PROJECT COST
PTACED IN OPERATION

MAINTATINED BY

III~-2

228,000
22k, 000

25
$7,320,000
March 1961

NED
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ATTACHMENT IIX
TCWNSHEND DAM AND RESERVOIR
WEST RIVER, VERMONT

1. AUTHORITY

Townshend Dam and Reservoir is a unit of the comprehensive plan
for flood control in the Connecticut River basin. Authorization is
contained in the Flood Control Act of 1938 (Publ:!.c Law 761, T5th
Congress, 3rd Session) as modified by the Flood Control Act of 19kl
{Public Law 228, TTth Congress, lst Session) end the Flood Control
Act of 1944 (Public Law 534, 78th Congress, 2nd Session), Con=
struction of the project was initiated in October 1958 esnd completed
in June 1961.

2. PROJECT LOCATION

The Townshend Dam and Reservoir is located on the West River in
the township of Townshend, Windhem County, Vermont. It is in the
southesstern part of the state about 19.5 miles upstream of the
confluence of the Connecticut and West Rivers at Brattleboro,
Vermont and 22 miles north of the Massachusetts state line.

3. DESCRIPTION OF PROJECT

Mejor project components consist of a rolled earth and rockfill
dam, side channel splllway and an outlet works. At splllway crest
Townshend Reservolir has a capacity of 33,600 acre~feet, which is°
equivalent to 6 inches of runoff from the drainage area of 106 square
miles below Ball Mountein Dem. When f£illed to spillway crest, the
reservoir is about L.5 miles long with a surface area of about 735
acres. A reservolr map of Townmshend Dem ig shown on Plate No, III-l.

a, Dam. The dam consists of rolled esrth and rockfill embanke
ment 1,700 feet long with a meximum height of 133 feet (Plate Nos.
III-2 and III-3). The top of dam at elevetion 583 feet msl pro-
vides for 25 feet of surcharge end 5 feet of freeboard. The top ‘
width of the dam is 25 feet with side slopes at 1 on 2.0 to 1 on 2.5,

b. Spillway. The side channel spillway is located on the lef%

ghutment adjecent to the dam. The side channel spillwey is ah un=-
controlled ogee welr with a fixed crest at elevetion 553 feet msl

ITI-3



and & length of 439 feet. The spillway discharge channel has a con-
stant bottom width of 70 feet with invert slopes at 0.09, 0.04 and
0.008. A plen and profile of the spillway is shown on Plate Nos,
I13-k and III-5.

c. Outlet works. The outlet works shown on Plate Nos. III-4 and
III-6 consist mainly of an intake structure, a horseshoe conduit and
an outlet chemnel. The intake structure houses the eguipment neces-
sary to operate the three 7.5' x 17' gates that control the flow in
the conduit. A conservation pool ie maintained at elevation 478 by
an outlet welr in front of the center gate. The conduit, comprised
of a concrete horseshoe tunnel 20.5' in dlameter, is 540 feet long
and slopes at 0.0057. At the end of the horseshoe condullt, the oube
let works flare to the outlet channel which has a constant bottom
width of 50 feet and a level bottom at elevation 45h feet msl uniil
it empties into the West River.

d. ZRecreation. A U~shaped welr at the entrance of the center
gate creates a 10O~-acre permanent pool st elevation 478 feet msl for
recreational. purposes. Principal recreational activities at
Townshend Reservolr are swimming, plenicking, small boating and
fishing. The reservoir designated for recreationel use is shown on
Plate No. III~l.

TII=k
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ATTACEMENT IV
BALL MOUNTAIN AND TOWNSHEND RESERVOIRS
DETAIL REGULATION PROCEDURES

1. PURPOSE

This attachment prescribing the regulation of Ball Mountain and
Townshend Reservoirs during nonflcood and flood periods 1s for the
use of the Reservoir Regulation Section (RRS) and the operators at:
the West River dams, It will be in effect until regulation experi-
ence indicates need for revision.

2, GENERAL

Ball Mountain and Towmshend Reservolrs will be reguleted for
flood stage reductions along the West River and, in comblnation
with other tributary reservoirs, for downstream communities on the
Connecticut River. In general, regulation of Ball Mountain and
Townshend Reservoirs will follow specific instructions from the -
Reservoir Regulation Section unless there is failure of commmuni-
cations end prompt regulation is required,

3. ORGANIZATION

Ball Mountain and Townshend Dams ere classified as "paired
dems," 1.e. those dems located nearby in the same watershed which
should bhe opersted together at sl) times. Townshend Dam is con-
sidered the primaxry paired dam whose operator is responsible for
recelving data and relaying instructions to the operator of the
secondary paired dam (Ball Mountain) whenever contact with the RRS
must be made by telephone, Pertinent informetion is transmitted
to the RRS by telephone whenever contact cannot be made via the
NED Redio Network or when NED headquerters are not mammed. In his
ebsence, the Ball Mountain cperator will relay the pertinent infore
mation. Under normal circumstances when the RRS csn be contacted
by radlo, the respective operators will relay their own informastion.

The Townshend operastor 1s also responsible for the coordinated
regulation of both dams 1in casces of emergency when regulstion is
required and contact cennot be mede with the RRS either by radio or
telephone, Paragraph 9, Emergency Operation Procedures (EOP), pre=-
seribes the regulation of the dams when the RRS cammot be contacted.

Iv-1



Whenever circumstances require operation of the deams and contact
cannot be made between the dame or the RRS, the respective dems are
to be opersted in accordance with the EOP, and the Ball Mountaln
operator is to drive to Townshend Dam to relay pertinent information.

4, RESERVOIR REGULATION - NORMAL PERIODS

a., Nonfreezing geagon.

(1) Bsall Mountain Reservoir. All 3 gates will be malntained
at 3-foot openings.

(2) Townshend Reservolr. A permanent pool will be maintained
for recreational uses at a stage of sbout 22 feet. The crest of the
permanent U-shaped welr at the entrance to the center gate is elevetion
478,0 feet msl, equivalent to a stage of 21 feet. Normaelly, the 2 out-
side gates will be cleosed and the middle gate fully opened. During
minor rises the 2 cutside gates will be operated sccording to the fol-
lowing schedule iIn order to minimize pool stege fluctuation.

GATE OPERATION SCHEDULE FOR
MATNTENANCE OF RECREATION POOL

Gate Opening
(feet) -
Pool Stage (Rising) 1 2 3
21 0 F 0
23 1 F 1
24 2 F 2
25 3 F 3
26 , L F L
27 and higher See paragraph 5 -

Flood Regulation

Pool. Stage (Falling)

Leave gates at last setting until pool recedes
to 22 feet, then lower both outside gates by
l=foot increments until pool stebllizes below
22 feet.



b. Freezing season.

(1) Ball Mountein Reservoir. Commencing about 1 December,
the outside gates wlll be closed and the center gate will be
throttled in order to maintain a winter pool between steges of 13
and 20 feet. The winter pool will be developed greadually with some
weter being released continually. The pool will be emptied in late
March or early April upon instructions from the Reservoir Regulation
Section.

(2) Townshend Reservoir. Commencing sbout 1 December, the
pool level will be maintained at a stage of 23 to 25 feet by oper=
ation of one outside gate. The center ga.te and one of the outside
gates will be fully closed. The pool will' ‘be returned to the normal
level in late March or early April upon instructions from the Reser=~
voir Regulation Section.

c. Thewing season.

(1) Ball Mountein Reservoir. About 15 March, upon instruce
tions from the Reservoir Regulation Section, the winter pool will be
emptied and the 3 gates will be opened 3'~3'-3'. During this period
reports will be made as requested by the Reservoir Regulation Sectlon.

(2) Townshend Reservoir. About 15 March, upon instructions
from the Reservolr Regulation Section, the winter pool will be drawm
down to a stage of about 15 feet, the center gate opened fully, and
the side gates opened to satlisfy the rate of inflow. During this
period reports will be made as requested by the Reservolr Regulation
Section.

5. RESERVOIR REGULATION - FLOOD PERIODS

Reguletion of flow from Ball Mountain and Townshend Reservoirs
may be considered in three phases during the course of a flood:
Phase I, the storm end runoff apprailsal leading to the initial regu-
lation during the development of the flood; Phase II, regulation
during the flood period; and Phase ILI, emptylng the reservoir follow-
ing the downstream recession of the flood. The following parsgrephs
describe the methods of regulation during these various phases.

a. Phage I -~ Inltlal regpulation of flow. FPhase I 1s the most
critical since it is necessary to collect rainfall end discharge
date and to promptly recognize and eppralse the development and

V-3



magnitude of the flood in a short period of time. Gate operations
at Ball Mountain and Townshend Dams are initiasted for river stages '
on the West and Connecticut Rivers and also for rainfall over the
basin.

(1) West River. Ball Mountain and Townshend Reservoir out-
flows will be restricted as necesssry to maintain safe channel ca-
pacities on the West River. High river stages would be produced by
runoff from rainfall, sncwmelt oxr a combination thereof. Safe chan-
nel capacitlies are as follows:

Safe Channel
Tocation Capacit 5t At

iéfs, (feeti
Ball Mountein to k4,000 Jemaice, 8.5
Townshend _
Townshend to 7,000 Newfane 9.0
Newfane
Newfane to 10,000 Durmerston 344.0
Dummerston

Plate No. IV~2 contains forecast curves of rainfall vs.
Newfane discharges assuming no contribution from Townshend Dem,
Also included is the relationship between Newfane and Dwumerston
discharges.

Townshend Dam will be regulated to minimum gate openings
(101 cfs) when the Newfane stage reaches 8 feet (4,800 cfs) and
rising. Discharges from Ball Mountain Dem shall be less than those
from Tovmshend and restricted so as to provide more avallable net
storage at Townshend Reservoir than at Bell Mountain (see paragrsph

5c).

(2) Connecticut River. Regulation of the reservoirs for
Comnecticut River stages would be based on the origin of the storm
and in accordance with the following schedule:




Storm Origin
gtream
%North of Wilder)

Central
(Wilder to North Walpole)

Regulation Required

No regulation wmtil crest reaches
White River Junction.

Restrict outflow at dams and be pré-
pered to close to minimm openings.
A regulation schedule is.as follows:

Index Stage for |
Location Initiat Re tion Regulation Reguired
North Walpole 24.0 feet (66,700 cfs), 3,000 cfs discharge
rising ' ‘
North Walpole 25.0 feet (71,200 efs) s 1,500 efs discharge
rising
North Walpole 26.0 feet (75,700 cfs) - Minimm opening¥*
and higher

* Minimm required for meintenance
of fish 1ife (10%) cfs

Storm Origin

Downstream
(South of Forth Walpole)

Index
Location

Torth Walpole
Montegue City
Springfield

Re Lion Required

Restrict outflow based on local con=-
ditions and be prepareéd to close to
minimum openings according to the
following schedule:

Stage for Closing Gates
to Minimum Openings

86,0 feet 275,700 cfs)
25.0 feet (65,800 cfs)
12.0 feet (65,000 cfs)



Table 1 congists of a Flood Warning and Emergency Operation
Guide for Connecticut River stages. Included In the table sre tshu-
lated warning stages, flood stages, average peak travel time and
maximm recorded stages.

(3) Rainfall. Past experience has indicated that 2 inches
of rainfall over the West River basin in 24 hours will produce a
moderate rise in river stages. Therefore, initial regulation of the
reservoirs is also considered necessary whenever the following raine
f£all has been recorded at either dam within the 2l-hour periocd.

Maximum Permissible Discharge

Rainfall-Inches Ball. Mountain Tovnshend
{2k ~hour period) {cfs) ofs
Less than 2 Gates in normal Gates in normel
, position position
2 to 3 2,000 3,000
3toh 1,000 1,500 |
More then 4 10 (min. opening) 10 {min. opening)

Fhase I terminates when gates at the dams are operated to
restrict the reservoir outflows.

b. Fhese II - Continuation of regulation. During this phase
of a flood the outfiows from the reservolrs sre regulated to al=-
leviate, or reduce as far as practicable, downstream flood damages
on the West and Connecticut Rivers. If the gates are completely
closed, they remain in this position until the fina}l phase of oper-
ation is initiated and emptying of the stored runoff may begin.

(1) West River. The dams will be regulated to maintain
safe channel capaciftles on the West Rlver. If some outflow is
being released, further gate operations may be necessary as the
reservoirs rise in order to maintein nondemeging flows.

(2) Comnecticut River. For Comnecticut River stages,
the dams are regulated in coordination with other reservoirs in
the system to desynchronize West River contributions to Comnecticut
River flood peaks whenever necessary to reduce flood stages., Teble
1 presents flood stages ab principal index stations on the
Connectlicut River.
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TABLE I

FLOOD WARNING AND RMERGENCY OPERATION GUIDE
CONRECTICUT RIVER BASIN

Ave, Peak

Index Station Warning Stage Flocd Stage & Discharge Travel Time Max. Recorded Stage
{gage helght (gage height {cfs ~ {hours) {gage height (date)
7 B in feet) in feet) - in feet)
White River Junction 17.0° 20.0 51,000 35.0 11/ /27
(385300) o o 9
North Walpole 26.0 30.0 95,000 43.8 3/19/36
(75,700) o o
Montague City 25.0 28,0 80,000 , ho.2 3/19/36
(65,800) '
- 12
Holyoke T.0 9.0 92,000 16.8 3/19/36
(60,000) o g
Springfield 12,0 20.0 151,000 28.6 3/20/36
(659000) _ 6
Thompsonville 8.0 10.3 161,700 16.6 3/20/36
{120,000) _ :
Hartford 16.0 22,0 11h,000 37.6 3/21/36

(66,000)



Another importent regulation activity during this period is
the eolleetion of hydrologic and hydrsulic data such as ( 93 precipi-
tation amounts throughout the entire West River basin; (b) snow
cover and water combent in case of a spring flood; (c) stage and
ﬂiachﬂrse values et downstream control points on the West River; and
(a) any other pertinent rainfall end rimoff infoimation which will
aselst in the regulation of the reservoirs. Discharge data along =~
the main Connecticut River and prineipal tributaries sbove and below
the mouth of the West River are collected by the RES in order to
coordinate the regulation of Bell Mountain and Townshend Reservoirs
with all other reservo:l.rs in the Connecticut River basin.

- Phagse III - Biptying the reservoirs. Fhase III is usually
based on Cornecticut River conditions. Following recession of the
flood on the West and Connectlicut Rivers, the reservoirs are emptied
a8 repldly es possible.

(1) West River. Evacuation discharges from the reservoirs
will not exceed West River channel capacities listed in paragreph-
5e(l). The rate of dlscharge to be released from Townshend Reser=
voir depends primarily on the stage at Newfane and is restricted to
the channel capacity of 7,000 cfs. The rate of discharge from Ball
Mountain Reservoir is related to that of Townshend Reservoir and
restricted to the channel capacity of 4,000 cfs. Whenever dlscharge
from Townshend Reservoir is restricted due to downstreem conditions,
ellowable outflow from Ball Mountein is determined from avallable -
storage in the two reservolrs and the outflow from Townshend Reser=
voir in accordance with the following formula:

Qe = .6 {%g Q

u

where Qo = permissible discherge from Ball Mountain Reservoir

w0
=
it

availeble storage in inches at Townshend Reservoir

available storage in lnches at Ball Mountaln

w
o
11

L
"

 discherge from Tovmshend

Qp shall not exceed 4,000 efs except under extraordinary con-
ditlons and specific directions by the Reservoir Regulation Section.
Guide curves depicting the above formmla for allowable Ball Mountain
releases are shown on Plate No. IV«3,
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_ (2) Connecticut River. Evacuetion of the reservoirs will
not be initiated until the flood crest has passed Montague City.
Guide cuves for West River refervoir releases sre shown on Plate
No. IV-3A. In general, the following rule for evacuation will ap-
ply when stages at Montague City reach the following conditions:

Storage Used at

Ball Mountain
and Towmshend - Bvacustion Stages
(pexcent)

50 26 feet and falling
60 28 feet and falling
70 30 feet and falling
80 32 feet and falling
90 34 feet end falling
100 36 feet and falling

Evacuating discharge from the West River reservoirs wlll be
coordineted with releases from other projects in the system in a
manner that will allow Connecticut River flood erests to continue
to recede. This subject will he deseribed in detaill in the Master
Regulation Manual.

The rate of increase in reservoir discharge during the empty-
ing period is not to excesd 1,000 cfs per hour at either dam. The-
Townshend FCDO will advise the Central Vermont Public Service vhen-
ever high release rates of flow are proposed so that they will have
the opportunity to remove the flashboards at West Dumerston Dam.
Secondary river rises during Phese III or even Phase II, due to ,
elther additional rainfall or snovmelt, may result in the regulation
procedure reverting to Phase I.

d. Splllway dizcharge. Ordinarily during a major flood, the
gates will not be opened to avoid spillway discharge. Surcharge
storage shove the elevetion of the spillwey crest will be utilized
whenever the downstresm chennel capacity continues to be exceeded
by the runoff from uncontrolled areas, However, the gates at the
dam will be immedistely operated with or without instructlons from
RBS when their respective pools reach the following levels.

V=9



BALL MOUNTAIN DAM AND RESERVOIR

Pool Stege Operation Required
lfeet; :

226.5 (15' above spillway crest 1 gate fully open
231.5 (20' above splllway crest 2 gates fully open
236.5 (25' above spillway crest 3 gates fully open

- TOWKSHEND DAM AND RESERVOIR

Pool Stage Operation Requilired
(feet;

106.0 (10' ebove spillway crest 1 gate fully open
111.0 §15' above spillway crest 2 gates fully open
116.0 (20* sbove spillway crest 3 gates fully open

All residents within the reservoir area or dowmstream on the
West River that may be affected during an extreme flood, will be ad=
vised immediately whenever high surcharge stages or excessive spill-
way discharges are occurring or enticipeated.

e, Mnimm discharge.

(1) Ball Mountein Reservoir. Unless local inflow from
brooks dovmstream of the dam is adequete, sufficient flow will be
discharged at all times to maintain fish life In the river below
the dam. A minimum discharge of spproximately 10 ¢fs should be ade-
quate for this purpose; however, during periods of flood regulation
when reservoir outflow will be restricted, the operator should ob-
serve Cobb Brook discharge snd supplement it if necessary with reser-
voir releases to insure thet the flow in the West River will be ade-
quate to meintain fish life.

(2) Townshend Reservoir. Sufficient flow will be main-
tained in the river below the dam to sustein fish life. Normally,
the discharge in Fair Brook should be adequate; however, during
periods of flood regulation or at other times when the resexvoir
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outflow is restricted, the operator should release sufficient water
from the reservoir to supplement the flow if necessary.

6o RESERVOIR REGULATION - WHITE WATER CANOE RACES

a. Qeneral. At the request of the American Cance Assocletion
the Corps of Engineers cooperates to regulate Ball Mountain Reser~
volr for national white water canoce races on a 3-dey week end each
spring on the West River at Jamaice, Vermont. It is stipulated
that the races must be conducted by 20 May as natural riverflow
beyond this date often recedes repldly and holding storage from
spring runoff for e later date is not desirable.

- To agsure ideal racing conditions, approximately 2,500 acre~feet
of runoff at stage 7O (5 percent of total available reservcir space)
will be stored in the reservolr and released st a steady rate accord-
ing to the racing schedule and the available storage.

be arvolr storage. Weter siored in the reservoir for canoe-
ing purposes will approximete 2,500 acre-feet, This storage will be
either residual runoff from snowmelt or storage developed in accordw
ance with & rule curve shown on Plate No. IV<k. The rule curve de~
veloped from analyzing past discharge records at the Jamaica gage,
indicates it is necessary to begin storing water sbout two weeks
prior to the race periocd. The storage plus an inflow that will be
equalled or éxceeded 75 percent of the time will provide e desired
release of 1,600 cfs for 26 hours. With no appreciadle inflow, a
release of 1,500 ¢fs could be maintained for 20 hours or 1,400 cfs
for 22 hours: Officials of the natlional meet are considering a 4&is-
charge rate of 2,000 cfs which would result in e faster depletion of
the available storage. - '

¢+« Reservoir releases., A gate schedule for releasing desired
flows for the races is shown on Plate No. IV-5. The recreation pool
at Townghend Reservolr is lowered Just prior to the canoe races “in
order to reregulate Ball Mountain releases during the race week end
without using excessive storage. About 600 acre~feet of storage will
be emptied from Townshend Reservolr, dropping the recreation pool
from a stage of 22 to 10 feet. Unless high flows are occurring from
concurrent storm conditions, the reregulated outflow from Townshend
Reservoir will epproximete 500 cfs. :




7. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinery and unpredictable flood
conditions may arise - such as dem or bridge fallures, highway or
rallroad weshouts, ice jJams, or debris deposits. Since the prime
purpose of the reservoir is to prevent further damege, regulation
during such unusual conditions may not follow the previously de=
seribed rules but will be governed by the urgency of the ecircum-
stances. The Reservoir Regulation Section will be notified lmmedli-
ately of any unusual Incldent so thet prompt action mey be taken
and the gates operated to provide meximum protection.

8. REGULATTON WITH FAILURE OF COMMUNICATIONS

If the flood control dem operstor 1s unable to commnlcete
with the Reservoir Regulation Section by normal or emergency
methods and conditlons develop which appesr to warrant regulation,
he will operate the gates in accordence with instructions con~ -
tained in the Emergency Operstion Procedure (psragraph 9). How-
ever, possession of instructions contained in this manual does not
relieve the operstor of his responsivility for contlinued efforts
to commmicate with RRS. In cases of extreme emergency, the oper-
ator shall attempt to commmnicete with the Reservoir Regulation
Section through the Vermont State Police and the Office of Civil
Defense Mobllizatlion radio networks. It should be emphasized
that whenever commmications fail, and due to lack of adequate
reports it 1s impossible to fully appralse the runoff from an in-
tense storm, it is preferable to immediately restrict or completely
stop the reservoir discharge than to delay regulation and actually
contribute to downstream flood conditions.

9. EMERGENCY OPERATION PROCEDURE

Following is the Fmergency Operation Procedure (EOP) to be
followed by the dem operators in the event the RRS camnot be con-
tacted. The Townshend operator has full responsibllity to see that
both Ball Mounteln and Townshend Reservoirs are opersted as pre=-
scribed below.

Iv-12



The Ball Mountein and Tewnshend operstors are to close their
gates irmmedistely to minimm openings (10} cfs) when the following
stages are reached:

FMERGENCY OPERATION PROCEDURE
STAGES FOR COMPLETE CLOSURE OF GATES

Location Ball Mountaln Towmshend,
feet Ifeetj
Baell Mountain Fool k0.0 -
Jamaics 8.0 -
Townshend Pool 27.0 27.0
Newfane - - 8.0

North Walpole - 26.0

Both dems will also be closed vhenever 3 inches of rainfall
hes fellen in the West River basin,

Whenever contect is lost between the dams and also the RRS,
the operators will be responsible for regulation of thelr re-
spective dams. Gates et the dems will be closed to minimum open-
ings when the following occurs: ‘

Ball Mountein Dam 3" rainfall or pool stage = 40'

Townshend Dem 3" rainfall or pool stage = 27°'

After regulation is made at Ball Mountaln Dam, the operator
will drive to Townshend Dam to relesy all pertinent informatlion.
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i :
STANDARD OPERATION PROCEDURE (S.0.P.) - o | “
H i
' 4
BASIN PRECIPITATION | WEST R. INDEX STA. CONN. R. INDEX STA. RESERVOIR REGULATION L
(RAINFALL-INCRES) (STAGE IN FEET) (STABE IN FEET) (STAGE IN FEET) INSTRUCTIONS |
PHASE | - ANTECEDENT CONDITIONS - . ' Lo e
' : ' ' _ : DUTIES DURING EACH PHASE
1AMAICA NEWFANE HOR 1 e o T
SNOW COVERED . W ORTH WALPOLE | MONTAGUE CITY{SPRINGFIELD R ETpe— .
WET OR FROZEN i ' da | d.a.. d.a, da. i ' i
179 S5 mi. 308 Saomi. | {54037sd. mi.) | 7865 So° mi. loge1®sa; mi.| BALL MTN. | TOWNSHEND | BALL WTK. | YOWNSHEND
- = 78 - | 70 1 g 22,0 MORMAL SETTING®
s > I ALERT 1.0 Lo (2300 c..s.) | (2900°¢.f.s.) |(66,700 c.f.5.)52,800 c.f.5. ) 25.0 27.0 3-3-3 | 0-F-0 N\
= o ' : 8.0 12.0 : RISTRICT | - BALL MTH.
% | CRITICAL 2.0 3.0 -{3l03'g.f.s.) (4800 c.f.s.) (?5,%860c.f.s.)Es5,%860c.f.s.ﬁﬁ,o'00 c.f.9 50.0 30.0 OUTFLOW FTO0D CONTROL DAM OPERATOR (FeDo} ‘
oo e —_ ran s : . . ) PEASE T -
R = ] T, Collect % transmlt to RRS rainfall and stage data.
a2 = ) : 2. Operate according %0 instructions from RRS. © porTd
e 3.0 4.0 FLOOD STAG FLOOD STAG FLOOD STAG FLOOD STAGE {FLOOD STAGE - -0 - - o : ) e
2= %00 ey (OR0°0SS | (B5°%0%et | (5680 chey KiEBod cfs) -— 9-0.2=0 1 0-0.2-0 i | TOWNSHEND — wasioLs/
= o : . Min. gpening 10 c.f.s. PHASE TT 1 DAM ’
&3 ’ 1. Close to minimum settings upon instructions from o U ’ 7]
—— e o nRe, !
— FOR ALLOWAFPLE RELFASES FROM DAMS CONG! UTDE . . ~ ~ 2, Note all unusual conditions at dam, dowmstream
2= S |EVACLATION STORM HAS ABATED 1 ¥ 5 B i e oy o e 25 channels, and index stations. ’
s 2B : A, ALLOJABLE DISCHARGE FROM BALL MTF. = 4,000 cfs MAX. ALLCWABLE DISCHARGE FROM TCOWNSHEND = 7,200 cfs 3. Collect % trensmit rainfall and stage data ab
s w3 ‘
= = POsSY } ‘{ . - " - % minfmum of 3-hr, intervals or as directed by RRS.
= ! 7.5 7.0 i HORMAE SETTING .
GPERATION (2800 c.f.s.) (2900°¢c.f.5.) | 25,0 27.0 3-3-4 | o-r-0 . PHASE ITI |
S S T L L S L - - ‘ T L L T s e e R S T SR TR T T T g L e T S S T e S e L I S T e e P R e R T ““-}__:-“See Phase II; SteP 3' ‘
: 2. Reconnoiter flood plairn and note condltions.
EMERGENCY OPERATION PROCEDURE E 0 P *NON FREEZING SEASON _ 3, Report to KRS for further instructions.
el ell o . . o : : .
{tc ve followed when contact cannot e made with RRS) ' - PROJHCT REGUIATOR ‘D
BALL MOUNTAIN & TOWNSHEND DAMS * | T pmueme | e
: 2. Coordinate next transmission. M
. : 3. Restrict outflow to maintain safe chesnnel capa- o y
city on West % Conn. Rivers. & Rwae Gagisg Sra.
L, Inform Basin Regulator ﬁof actions. ® Prreip i raray ,‘_ﬁ ,/
CONDITIEN 1 ( Communication Intact between FCDO'S ) PHASE IT B Towss
The Townshend Operator is responsible for complete closure of gates {min. cpenings 10 c:fsf) at both dams in accordance with the following: ’ 1. Continue regulation :antructions to FCLO. .
b 2. Consult with Basin Regulator to analyze severity .
. Ras B inehes has fallen i of flood.
i ﬁ;%% ) mnenes e uLi:Z*jI;nbasw Ball Min Towvrnehend 3. Relay to FCDO any special instructions recom- STALE W 11 % * ;
t o Bitenn St e e mended by ,Basin Regulstor. 5 o Y S } !
3ell Min Pool © koot - f D 5
Jamaica 8.0 - PHASE iII ‘ = 7 ;
Tovmshend Pool 27.07 27.0° : B T 71 Collect data from FCDO. ’ VEEN o8 ;
Mewfane - 8.0' S 2. Check Guide Curves for alloweble relesases (Plate : _ !
fo. Walpole - 26.0" . . : Nos. IV-3 and IV-34) | E
- 3. Consult with Basin Regqlator. W E 5 T R I VER qu 5 / N )
{ Contact Jost between FCDO'S ) j kv Reley instructions to FCDO. ' E
CONBITION 2 : ?
Each operstor is responsible for complete closure of mates {min. cpenings 10 ofs ) 2% their respective dams In accordance with the following:
Ball Mountain 3" reinfall or pool stage - 40! | !
Tovnshend 3" wainfall or pool siage = 27° E
After regulation is made, bthe Ball Mtn Operstor will drive <o Townghend Dem te relay 211 pertinent information. " E
. | W W= |
NOT®E: Discha Trom 11 5% ge 1s not to he re ds L1l contact has beer -established with RRS, . i FH )
ischarge from reservoir storage 1s not to he relessed until conbtact has been re-established with | ée:’g Aon) 7R |
‘ W Ty B P
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ATTACEMENT V
OPERATIONAL PROCEDURES
AND MATNTENANCE OF
HYDROLOGIC EQUIPMENT

1. PRECIPITATION GAGE

An automatic recording precipitation gage is installed at Ball
Mountein and Townshend Dems which continucusly records official
precipitation resdings for the U. S. Weather Bureau (USWB)., The
Flood Control Dam Operator (FCDO) should read the USWB rain gage
dally and record the observations on WB Forms 1009-R and 612-2h.
While reading the gage, the operator should inspect the equipment
t0 sée 1f the clock is running correctly and the pen inking prop--
erly., Unless precipitation is falling at the time of observation,
the pen of the recording gage should be ralsed to the next 0.25"
line to avoid overlapping of the record. Rain gage charts (wB
Form 1028c) should be changed each Monday and forwarded with WB
Form 1009-R to the Reservolr Regulation Section (RRS). If addi-
tional charts, forms or other USWB supplies are needed, the FCDO
should note it on the submitted WB Form 1009-R. Instruections on
correct operation of precipitation gages and recording data are
printed on the covers of each pad of USWB forms.

A Weether Bureau representative visits the dam several times
each year to service the precipitetion gage. Should a malfunction
of the gmge occur between visits, the FCPO should notify the RRS
who will make srrengements with the USWB to repair the gage.

2. THERMOMETER

A paximum-mirimum thermometer is located at the dam. The FCDO
should adjust the maximum and minimm tempersture levels daily.
Whenever temperature data are requested by the RRS this information
is trensmitted vie the NED radio network.

3. RESERVOIR STAGE RECORDER
The automatic water level recorders at Ball Mountaln and
Townshend Dams trace the water level in the reservoirs st sll times.

The water-stage recorder is operated by s Tloat. The recording
instrument should be checked each morning to assure that the clock is
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keeping correct time and that the pen is tracing properly. Any
discrepancies in the record as evidenced by the pen time or gege
helght, should be noted on the chart and the instrument reset.
During periods of reservolr storsge, the outside tile or staff gage
should be read to check the tape readings and chert record. The
chart record should be chenged the first working day of each month.
At the beginning and ending of each monthly chart, the following
information should be noted in ink on the chart.

a. Outside (tile) gage reeding
be Pen gage height reading
| c. Watch time
d« Pen time
e. Date and name of dam

New charts for monthly recorders should be obtailned from the
NED werehouse.

4, TELEPHONE TRANSMITTER (TELEMARK)

A telephone trensmitter (telemsrk) is in operation on the West
River at Newfane to obtain river stages to ald in regulasting '
Townshend Dam. Presently telemarks are the most satisfactory method
of river stage reporting, especially where it is essential to have
2h-hour coverage of the index stations. Should the telemark become
inoperative, the FCDO should vieit the USGS gage to ascertain where’
the difficulty is. If the trouble cannot be determined at the gage,
the telephone company should be requested to check out their cir-
cults. The FCDO should be at the gage when the telephone company-
inspects thelr system. If the telemark still cennot be made oper-
ative, the RRS should be notified emd NED and/or USGS personnel will
inspect the telemark system.

5. TAIIWATER GAGING STATION

A tailweter gaging station 1s located downstreem of the dam to
provide a continuous officilal record of the discharge from the dam.
It 1s essential thet the equipment he checked frequently to assure
a continuous record. The tallwater gage readings included in the
routine radio and telephone reports to the RRS on Fridays are used
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for calibration of the gates and as a ready reference of basgin run-
off conditione at the time of observation. Since it Is necessary
To drive some distance to the gage, it is suggested that inspections
and readings of the remote gage be made at a convenient time on
Thursday and the gage reading be ineluded in the Friday report.

If inspection of the gage indicates a need for repalr, the RRS
should be notified immediately and arrengements will be made with
the USGS to have the equipment repaired.

6. SNOW SAMPLING SET

A snow sempling set has been essigned to the FCDO. Procedures
for obtaining snow survey data should fcllow instructions set forth
in Snow-Survey Sampling Guide, Department of Agriculture Handbook
Ko. 169. If given proper care, the only maintenance required would
be occaslonal replecement of werne-out cutter heads.
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